To investigate the recurrence of sudden infant death syndrome (SIDS) among siblings, the authors analyzed data for all 352,475 mothers whose first and second single births were reported to the Medical Birth Registry of Norway during 1967Norway during -1988. Recurrence of stillbirths from the 16th week of gestation onward and infant deaths other than SIDS were also studied. Relative risk of recurrence for SIDS was 5.8 (95% confidence interval (Cl) 2.1-13.2); for asphyxia-and immaturity-related infant deaths, 12.5 (9.2-17.4); for congenital malformations, 7.2 (4.7-11.0); and for other causes of infant death, 8.0 (2.0-22.1). Deaths due to infections did not recur. Similar categories of infant deaths had higher overall relative risk, 9.1, compared with 1.6 for dissimilar categories. Previous early stillbirth (16-27 weeks) had a high recurrence (relative risk (RR) = 21.8, 95% Cl 17.5-26.9), while late stillbirth (5:28 weeks) had lower recurrence (RR = 4.6, 95% Cl 3.7-5.8). Previous SIDS was associated with an increased risk of all other types of loss. In contrast, previous late stillbirth and previous asphyxia-and immaturity-related infant deaths were associated with a reduced risk of subsequent SIDS (RR = 0.31, 95% Cl 0.08-0.84, and RR = 0.23, 95% Cl 0.01-1.13, respectively). In conclusion, as with other infant and fetal deaths, SIDS deaths showed strong sibship aggregation consistent with a genetic susceptibility in subsets of SIDS that may interact with environmental factors. The authors also suggest common pregnancy-specific risk factors for late stillbirths, asphyxia-and immaturity-related infant deaths, and SIDS. Am J Epidemiol 1996;144:300-5.
Population-based studies on possible familial aggregation of sudden infant death syndrome (SIDS) and studies on aggregation of SIDS with other infant and fetal deaths are important from a counselling point of view. In addition, such studies may give clues to the etiology of SIDS. Recurrence of perinatal deaths in sibships is well known (1) (2) (3) (4) . However, recurrence studies of infant deaths have been few, and such analyses have only recently been included in studies of SIDS (5) (6) (7) . Reported estimates of recurrence rates vary considerably due to different study designs and small numbers. SIDS studies have also reported different risks of recurrence, with population-based relative risks of recurrence between 1.7 and 6.0 (5-7).
We had three purposes for the present study. First, we investigated whether a mother's risk of losing a baby from SIDS was dependent on a prior loss due to SIDS. Second, we used this strategy to study recurrence of stillbirths and recurrence of infant deaths other than SIDS. And, third, we wanted to determine whether SIDS was associated with stillbirths and infant deaths other than SIDS among offspring of the same mother. The study was based on data for 352,475 Norwegian mothers who gave birth to two or more infants.
MATERIALS AND METHODS
Since 1967, the Medical Birth Registry of Norway has recorded all births from the 16th week of gestation onward. Information on all deaths registered by the Central Bureau of Statistics is routinely linked to the birth records. Through 1988, 1.3 million births were entered. The national identification number enables linkage of all births of a mother into sibships.
The study utilized data for 352,475 mothers with two or more births whose first and second births occurred in the period 1967-1988, excluding mothers with multiple births in the first or second pregnancy. All babies, unless they died, were followed for at least one year after birth. Among the first babies, 2.5 percent (8,778) died (stillbirths and infant deaths), and among the second babies, 1.7 percent (5,993) died. Among mothers whose first infant survived at least one year, 69 percent continued to a second pregnancy, while the continuation was 83 percent for mothers with a first loss.
Stillbirths were divided into early (16-27 weeks) and late stillbirths (>28 weeks). Infant deaths (0-364 days) were classified in two steps. First, records of all post-perinatal deaths (7-364 days) were reviewed by a panel of experts and classified as SIDS or non-SIDS (8) . An autopsy was performed in 50 percent of all SIDS infants and in 70 percent of subsequent SIDS pairs. Second, infant deaths other than SIDS were classified according to the International Collaborative Effort on Perinatal and Infant Mortality (ICE) (9) , with infant death categories based on computerized codes of the International Classification of Diseases. We combined the asphyxia-related and immaturity-related conditions into "birth-related infant deaths," and the deaths due to external causes, other specific conditions, and the remaining causes into "other causes." Infections and the congenital malformations were kept as originally defined by ICE.
Mortality rates for second births, given the outcome of first birth, were calculated as number of deaths among second births divided by the number of infants at risk. For post-perinatal deaths, the population at risk was infants who survived the first week of life (stillbirths and early neonatal deaths were subtracted from the total number of births), while, for infant deaths, the population at risk included the early neonatal deaths (0-6 days). (Therefore, the denominators differ in tables 1 and 2.) Relative risks of recurrence were calculated as the mortality rate for second births when the first infant died, divided by the mortality rate for second births when the first infant survived. The term recurrence is used for repetition of both similar and dissimilar type of loss. Ninety-five percent confidence intervals for the relative risks of recurrence were calculated by exact methods (10) , assuming that the odds ratios approximate relative risks.
To further explore the associations between prior fetal loss or infant deaths other than SIDS and subsequent SIDS, we also analyzed 111,614 mothers with three or more births, whose first infant survived the first year of life (a subset of mothers with two or more births whose first infant survived). Among second and third births, 3.8 percent (4,191) and 1.8 percent (2,035) were lost. Second and third births of mothers with three or more births were combined with first and second births of mothers with two or more births in a stratified analysis. The effect of a prior loss on the risk of mortality in next subsequent sibling was estimated with the common Mantel-Haenszel odds ratio (10) .
RESULTS
SIDS mortality among second infants was 11.7 per 1,000 first week survivors if the first infant died from SIDS (table 1), and 2.0 per 1,000 if the first infant survived (relative risk (RR) = 5.9, 95 percent CI 2.5-14.1). Relative risk of recurrence for other postperinatal deaths (non-SIDS) was similar to SIDS.
In table 2, the relative risk of recurrence for SIDS was compared with recurrence of other infant and fetal deaths. Given death of any specific type of the first infant, the highest mortality rate in the second infant was observed for the same type of death. Overall relative risk of recurrence for similar category of infant death was 9.1 compared with 1.6 for dissimilar categories. In general, early stillbirth in the first birth resulted in the highest mortality in the second birth. Prior SIDS was associated with subsequent stillbirths or infant deaths other than SIDS (table 2) 
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creased risk for other infant and fetal deaths in the second births.
We found the negative association between prior late stillbirth and SIDS interesting and included mothers with three or more births in a stratified analysis (table 3) . Late stillbirth as a negative risk factor for SIDS in next subsequent sibling was confirmed; the relative risk was 0.31 (95 percent CI 0.08-0.84). Also, birth-related deaths showed the same negative effect on SIDS. When the six pairs of recurrent SIDS from second to third births were added to the five recurrent pairs of SIDS from first to second births, the common relative risk of recurrence for SIDS was 5.3 (95 percent CI 2.8-9.4).
DISCUSSION
In summary, SIDS deaths showed strong sibship aggregation similar to the other infant and fetal deaths. Interestingly, we found prior late stillbirth, and asphyxia-and immaturity-related infant deaths, to be associated with a reduced risk of subsequent SIDS.
The relative risk of recurrence of 5.9 for SIDS that we observed is consistent with a study from Oregon in 1975-1984 (7), which found relative risks of 5.4 (95 percent CI 2.0-14.8) in next subsequent sibling and 6.0 (95 percent CI 2.8-12.8) in all subsequent siblings. Recurrence rates were 11 and 13 per 1,000 first week survivors, and compared with the population rate, 2.2. In Washington State in 1969-1981, lower recurrence rates of SIDS were reported in next subsequent full sibling, and in all subsequent full siblings, 7.1 and 7.4 per 1,000, with odds ratios of 1.7 (95 percent CI 0.4-6.6) and 1.9 (95 percent CI 0.4-6.6) (6). In Norway in 1967-1984, previously reported recurrence rates in the next subsequent and all subsequent siblings were, respectively, 5.6 and 4.8 per 1,000 at risk (5) . Compared with the population rate, 1.3 per 1,000, the relative risks were 4.3 and 3.7, respectively. The present study reports a higher recurrence rate, 11.7 per 1,000, compared with 2.0 when the first birth survived first year of life. We chose not to use the population rate, 1.6 per 1,000 (8) , as the reference. The present design was more appropriate, because it adjusted for effects of birth order and, to some extent, for effects of maternal age and secular trends.
Family aggregation of SIDS has been considered as shared nongenetic factors among the siblings, such as poor living conditions or maternal smoking (11, 12) , or perhaps prone sleeping position, an important risk factor for occurrence of SIDS (13). Khoury et al. (14) have estimated strength of familial aggregation (relative risk of recurrence) in models given varying strength of an environmental factor (relative risk of an etiologic heterogeneous disease in the population) in the absence of any genetic influence. On theoretical grounds, they showed that environmental factors with relative risks below 10 should only lead to weak familial aggregation, with relative risks of recurrence ranging between 1 and 2, even with identical exposure among the siblings. Thus, environmental factors for SIDS may not completely explain the recurrence of SIDS. Subsets of SIDS may represent an event caused by the interaction between a genetic susceptibility and an environmental factor. In some susceptible families, the environmental factor may not be present, so a SIDS event will not occur, and the effect of a possible genetic factor remains dormant.
Reports have suggested that genetic defects come into play on their own, and cause a sudden unexpected infant death (11, 15, 16) . However, the frequency of certain proposed gene defects in SIDS babies is similar to the general population (17) , or population frequencies are still unknown. Other studies suggest interaction between genes and environment, such as the hypothesis of overheating associated with malignant hyperthermia that appears to segregate as an autosomal dominant trait in humans (18) , or the hypothesis that infants with complement C4 deletions may be susceptible to infections that trigger obstructive apnea or damage vital organs (19) .
In support of the hypothesis that siblings of SIDS infants are affected in a way that may increase their risk of SIDS is our previous finding that, in families with a SIDS baby, both the SIDS baby and the surviving siblings were intrauterine growth retarded compared with infants in non-affected sibships (20) .
In the present study, repetition of SIDS was compared with repetition of other similar type losses in which the principles for recurrence are better understood. Both genetic and environmental factors interact in the etiology of congenital malformations (21) . We found that congenital malformation deaths had slightly higher relative risk of recurrence than SIDS, 7.2. Pregnancy and labor complications specific to certain mothers (22) may explain the recurrent birth-related infant death with a relative risk of 12.5. Recurrent fetal loss, most likely of chromosomally normal fetuses, may be explained by lethal genetic defects or recurrent malformations, incompetent cervix, or immunologic factors (23, 24) . The relative risk of another stillbirth in second trimester was 21.8, while the relative risk of another stillbirth in third trimester was less, 4.6. Such a concordance for gestational age and developmental age between recurrent miscarriages has been reported and suggests different etiologies for recurrence with advancing gestational age (25, 26) .
Concordance for gestational age may also link prior stillbirths to preterm delivery in subsequent births (27) . In the present study, we found that prior early stillbirths increased the risk of birth-related infant death (RR = 16.2). These findings support the hypothesis that fetal death in utero and immaturity-and asphyxia-related infant deaths have common etiology (24) .
If late stillbirths or birth-related infant deaths and SEDS have some underlying shared etiology (28-31), then we would expect to see an increased risk for either outcome among families with a history of the other. In fact, SIDS families had a higher risk of stillbirths and birth-related infant deaths in later births, but families with previous late stillbirths or birthrelated infant deaths paradoxically had lower risk of SIDS. This absence of positive association in both directions may be explained in the following way.
Stillbirths or birth-related infant deaths at second birth may be eliminating some of the babies that otherwise would have died from SIDS (31, 32) . The expected excess of SIDS susceptible babies in second pregnancy could be hidden among the much larger numbers of late stillbirths or birth-related infant deaths in second birth. If we assume that families with previous late stillbirth should have a threefold increase in SIDS deaths (i.e., RR = 3), 20 SIDS infants would be expected, compared with three observed in table 2. Those 17 lost SIDS babies could have been absorbed in the 78 late stillbirths in second births. Similar calculation can be made for families with birth-related infant deaths at first birth. Misclassification of SIDS to birth-related infant death in the second infant is unlikely. Among the 41 recurrent birth-related infant deaths, 39 occurred during the first week of life, and two post-perinatal deaths were obvious asphyxia-and immaturity-related infant deaths.
In conclusion, SIDS deaths, as with the other types of deaths, showed strong sibship aggregation. This may reflect subsets of SIDS that have some genetic susceptibility or strong environmental factors operating in successive pregnancies or during infancy. The negative effect of prior late stillbirths and birth-related infant death on subsequent SIDS is intriguing, and may suggest common pregnancy-specific risk factors for late stillbirths, birth-related infant deaths, and SIDS.
